Board of Trustees of the Leland Stanford Junior University v. Roche Molecular Systems, Inc. et al Doc. 179 Att. 13
Case 3:05-cv-04158-MHP  Document 179-14  Filed 08/10/2007 Page 1 of 31

Exhibit 9 — Part 4 of 7

Dockets.Justia.com


http://dockets.justia.com/docket/court-candce/case_no-3:2005cv04158/case_id-35545/
http://docs.justia.com/cases/federal/district-courts/california/candce/3:2005cv04158/35545/179/13.html
http://dockets.justia.com/

. Case 3:05-cv-04158-MHP_ Document 179-:14  Filed 08/10/2007 . Page 2 of 31

EP 0 402 646 At

D. 2-{t-Butyloxycarbonylamino)-4-(Cbz-(( 8, 8-di-Me)- 8-Ala)-leucinyl-amino)-1,5-diphenyl-3-hydroxypentans.

According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
s~ 78C was coupled to the resultant compound of Example 11 to give the desired compound.

Example
10
A. (3,4-cis-Dihydroxypyrrolidinylcarbonyl)-leucine Methy! Ester.
15 A suspension of L-leucine methyl ester hydrochloride (10 g) in toiuene (f200 mi) was heated to 100°C

while phosgene gas was bubbled into the reaction mixture. After approximately 2 h the mixture became
homogeneous. The bubbling of phosgene was continued for 15 more minutes keeping the temperature at
100" C. The tolusne was then evaporated and the residue chased with benzene several times. The
isocyanate from L-Leu-OCHs; was then dissolved in 100 mi of methylene chloride andl 1.1 equivaient of 3~

20 pyrroline (75% pure) was added dropwise at 0 C. After 15 min, the reaction mixture was washed with 0.5 N
HCI and methylene chloride. The organic layer was washed with aqueous NaHCO3 amd dried over MgSO..
Evaporation of the solvent gave 3-pyrrolinyicarbonyl-Leu-methyl ester which was cis-hydroxylated under the
following conditions: 2.5 g of the 3-pyrrolinyicarbonyl-Leu-methyl ester was dissolved in 50 ml of THF and 1
mi of a 2.5% solution of OsO. in t-butanol was added, followed by 1.15 g of N-methylmorpholine-N-oxide.

25 After 1 h, the solvent was evaporated and the residue dissolved in 150 ml of ethyl acetate, washed with
dilute Na»,S0z solution and satd. NaHCO; solution, and then dried over MgSO.. Evaporation of the solvent
gave a crude compound which was purified by SiO; column chromatography to give the desired
compound. )

30
B. (3.4-cis-Dihydroxypyrrolidinylcarbonyl)-leucine.

. The resultant compound of Example 79A was hydroiyzed according to the procedure of Exampie 78C
35 to provide the desired compound.

C 2-(-Butyloxycarbonylamino)-4-((3 4-cis-dihydroxypyrrolidinylcarbonyl)-leucinyl-amino)-1,5-diphenyl- 3-hydrox-

ypentane.
40
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
79B was coupled to the resultant compound of Example 11 fo give the desired compound.
45

Example _8_{2

562-(N-{6-Aminohexanoyl)-valiny -valinyl-amino}-4-(N-(5-carboxypentanoyl)-valinyl-valinyl-amino)-1 B-diphenyl-3-
hydroxypentane.

Using the procedure of Example 71C with the resuliant compound of Example 74 gave the desired
s& compound.

Example 81

91
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1,3-Di-(S-phenylthiol-2-((methoxy)methoxy)propane.

Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resuliant compound

of Example 15 gave, after silica gel chromatography using 15% ethy! acetate in hexane, 44 mg (31%) of

the desired compound {R; 0.27, 20% ethyl acetate in hexane). 'H NMR (CDCls) 8 3.21 (dd. J = 15,6 Hz, 2

10 H), 3.26 (dd, J = 15, 8 Hz, 2 H), 3.40 (s, 3 H), 3.91 (pentet, J = 6 Hz, 1 H), 4.68 (s, 2 H), 7.15-7.35 (m, 10
H). Mass spectrum (M + NH4)* = 338.

Example 82
15

1,3-Diphenoxy-2-((methoxy)methoxy)propane

20
Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resuliant compound
of Example 4 gave, after silica gel chromatography using 10% ethy! acetate in hexane, 80 mg (49%) of the
desired compound (R; 0.42, 20% ethyl acetate in hexane). 'H NMR (CDCl3) 6 3.44 (s, 3 H). 4.18 (dd, J =
10, 6 Hz, 2 H), 4.22 (dd, J = 15, 6 Hz, 2 H), 4.33 (pentet, J = 6 Hz, 1 H), 4.85 (s, 2 H), 6.9-7.0 (m, 6 H},
25 7.25-7.35 (m, 4 H). Mass spectrum (M + NH:)" = 306.

Exampie §§_
30
A. ({4-Thiomorpholinyl)carbonyl)-leucine Methyl Ester.
35 A suspension of L-leucine methy! ester hydrochloride (6 g) in toluene (125 ml) was healed to 100° C

and phosgene gas was bubbled into the reaction mixture. After approximately 1.5 h, the mixture became
homogeneous. The bubbling of phosgene was continued for 10 more min. The solvent was then evaporated
and the residue chased with benzene several times. The residue was then dissolved in 100 mi of methylene
chioride, cooled to 0 C, and treated dropwise with 1.1 equivalent of thiomorpholine. After 10 min the

40 solution was washed with 1N HCI and the organic layer was dried with MgSO.. Evaporation of solvent gave
the desired compound.

?_._ (4-Thiomorpholinylcarbonyl}-leucine.

45

The resultant compound of Example 83A ws hydrolyzed according to the procedure of Example BE fo
provide the desired compound.

50
C. 2-{t-Butyloxycarbonylamino)-4-((4-thiomorpholinylcarbonyl)-leucinyi-amino)-1,5-diphenyl-3-hydroxypentane.

According to the carbodiimide coupling procedure of Example 55, the resuliant compound of Example
55 838 was coupled 1o the resultant compound of Example 11 to give the desired compound.

Exemple 84

92
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_/5; {{(4-Sulphonyimorpholinyljcarbonyl}-leucine Methyl Ester.

To 2 g of the resultant compound of Example 83A in 100 mi of methylene ch_loﬁde was added 2.94 g of

a meta-chloroperbenzoic acid at 0° C. After 30 min the solvent was evaporated and the ether solution was

washed with 10% sodium sulfite solution and then with satd.sodium bicarbonate several times. The organic

10 layer was dried with MgS0: and evaporation of the solvent gave the crude product which was purified by
silica gel column chromatography to give the desired compound.

E.- (4-Sulphonylmorpholinylcarbonyly-leucine.

15
The resultant compound of Example 84A was hydrolyzed according to the procedure of Example 6E to
provide the desired compound.
20
C. 2-(t-Butyloxycarbonylamino}-4-({4-sulphonyimorpholinylcarbonyl)-leucinyl-amino)-1,5-diphenyl-3-hydroxypen-
tane.
25 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
84B was coupled to the resultant compound of Example 11 to give the desired compound.
Example 85
30
A. N-Methyl-N-(2-(N,N-dimethylamino)ethyljcarbamoyl-leucine Methyl Ester.
35
A solution of 2.1 mmol of a-isocyanoto-leucine methyl ester (prepared according to the procedure of
Example 79A) in 50 m! of dichloromethane was cooled to 0° C and treated with 0.3 mi (2.3 mmol) of
N,N,N -frimethylethylenediamine. After being allowed to stir for 16 h, the solution was concentrated and the
desired compound was isolated by flash column chromatography.
40
B. N-Methyl-N-{2-(N,N-dimethylamino)ethyljcarbamoyi-leucine Lithium Salt.
45 A solution of the resulfant compound of Example 85A in dioxane was cooled to 0 C, treated with 1.05

equiv. of agueous lithium hydroxide (0.5 M} and stirred for 1.5 h. The resulting solution was concentrated a_rl
vacuo to give the desired compound as a white solid.

50 C. 2-{i-Butyloxycarbonylamino}-4-((N-methyl-N-{2-(N,N-dimethylaminojethyl)carbamoyljieucinyl-amino)-1,5-
- diphenyl-3-hydroxypentane.

According to the carbodiimide coupling procedure of Example 55, the resuitant compound of Example
55 B5B was coupled to the resultant compound of Example 11 10 give the desired compound.

Example §§

93
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A1 -Benzyloxycarbonylamino-2,3-propanediol.

) 1-Amino-2,3-propanediol (15.2 g, 167 mmol) and NaOH (8.1 g, 204 mmol) in water (70 mi} at -10°C
was treated dropwise with benzyl chioroformate (28.5 mi, 200 mmol) in ether (30 ml) over 20 min. The
reaction was stirred at 0 C for 30 min then at room temperature for 2 h. The mixture was acidified with 2 M

10 HCl and extracted with ethyl acetate which was washed with 0.5 M H3POs and brine, then dried over
NazSO¢ and evaporated. Recrystallization of the residue from benzene afforded 1659 g (44%) of the
desired product as a white powder. NMR (300 MHz, CD;0D, ppm): 3.12 (dd,1H), 3.28 (dd.1H), 3.50 (m,2H),
3.68 (m,1H), 5.08 (s,2H), 7.35 (m.5H).

15
B. 1-Methylamino-2,3-propanediol.

Lithium aluminum hydride (7.20 g, 189 mmol) in tetrahydrofuran (THF, 300 mi) was heated to reflux and
20 the resultant compound from Example 86A {17.0 g, 75.5 mmol) in THF (150 ml) was added dropwise over
10 min. The mixture was refluxed for 2 h, cooled, quenched sequentially with water (10 mlj, 3 M NaOH (40
ml) and water (20 mi), then fillered and conceniratied. The residue was dissoived in water which was
washed with ether and evaporated. Bulb to bulb distillation of the residue afiorded 2.0 g (25%) of the
desired compound as an oil. NMR (300 MHz, CDCls, ppm): 2.45 (s,3H), 2.68 (dd.1H). 2.77 (dd,1H), 3.61

25 (dd,1H), 3.72 (dd,1H), 3.78 (m,1H).

_(2: {N-Methyl-2,3-dihydroxypropylaminojcarbonyl-leucine Methy! Ester.

30
Using the procedure of Example 83A but replacing thiomorpholine with the resultant compound of
Example 86B gave the desired compound.

35 _El {N-Methyl-2,3-dihydroxypropylamino)carbonyi-leucine.

The resultant compound of Example 86C was hydrolyzed according to the procedure of Example 6E to
give the desired compound.
40

E. 2-(+-Butyloxycarbonylamino)-4-({{N-methyl-2 3-dihydroxypropylamino)carbonyljleucinyl-amino)-1,5-diphenyl-3-

hydroxypentane.
45
According to the carbodiimide coupling procedure of Exarnple 55, the resultant compound of Example
86D was coupled to the resultant compound of Example 11 to give the desired compound.
50 Example 87
A. {N-{Benzyloxycarbonylpipiridin-4-ylicarbonyl-leucine Methy! Ester.
55

Cbz-isonipecotic acid wes coupled to leucine methy! ester using the mixed anhydride procedure of
Example 6F 1o give the desired compound.

94
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‘*8“. {N-(Benzyloxycarbonyl)pipiridin-4-yljcarbonyl-leucine.

The resultant compound of Example 87A was hydrolyzed according to the procedure of Example BE to
& give the desired compound.

E 2-(t-Butyloxycarbonylamino)-4-(({(N-(benzyloxycarbonyl)pipiridin-4-yl)carbonyf)leucinyl-amino)-1,5-diphenyi-3-
hydroxypentane.

10

According to the carbodiimide coupling proce&ure of Example 55, the resultant compound of Example
87B was coupled to the resultant compound of Example 11 {o give the desired compound.

15
Example 88

20 A N-(Allyloxycarbonyl}-leucine Methy! Ester.

A solution of leucine methyl ester {5 mmol) and triethylamine (10 mmol) in dichioromsthane (50 ml) was

cooled to 0° C and treated dropwise with allyl chloroformate. After addition, the solution .was stirred at

25 ambient temperature for 2 h, diluted with dichloromethane, washed successively with 1 N HCI and aqueous
NaHCOQj3, dried over Na;S0., and concentrated to give the desired compound.

E N-(3-Hydroxypropyloxycarbonyl)-leucine Methy! Ester.

30

To a stirred 0° C solution of the resultant compound of Example 88A (2.13 mmol) in dry tetrahydrofuran

{THF, 50 mi) was added 9-borabicyclo(3.3.1)nonane (9-BBN, 25.5 mi of a 0.5 M solution in THF). The

mixture was warmed to room temperature for 12 h and then cooled fo 0" C. Water (15 ml) and 3 M NaOH

35 (4.5 ml) were added foliowed 2 min fater by 30% H202 (6 mi}. The mixture was partitioned between brine

(20 mi) and ethyl acetate (100 ml). The organic phase was washed (brine), dried (Na.80;), filtered, and
evaporated. Silica gel chromatography provided the desired compound.

40 C. N-{3-Hydroxypropyloxycarbonyl}-leucine.

The resultant compound of Example 88B was hydrolyzed according to the procedure of Example 6E t0
give the desired compound.
45

_[_)_, 2-(t-Butyloxycarbonylamino)-4-(N-{3-hydroxypropyloxycarbonyl)ieucinyl-amino)-1,5-diphenyl-3-hydroxypen-

tane.
50
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
88C was coupled to the resuitant compound of Example 11 to give the desired compound.
55 ’ Example 89

STAN 034258
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A1 ,5-Di-(4-isopropylphenyl)-1,4-penten-3-one.

A solution of 3.30 g (82 mmol) of NaOH in 33 ml of water and 165 ml of 95% ethanol was treated with a
mixture of 5.0 ml (33 mmol) of 4-isopropylbenzaldehyde and 1.21 ml (16.5 mmol} of acetone. The resulting
solution was stirred at ambient temperature for 16 h, diluted with water, and filtered. The solid was taken up
in dichloromethane, and the solution was washed with water, dried over MgSQ0s, and concentrated to a light
yellow solid. Recrystallization from hexane/ethyl acetate gave 2.15 g (41%;) of the desired compound. *H
NMR (CDCls) § 127 (d, J = 7 Hz, 12 Hj, 2.94 (heptet, J = 7 Hz, 2 H), 7.05 (d,J = 16 Hz, 2 H), 7.28 (d. J
10 = 10Hz, 4H),756(d,J = 10Hz, 4 H),7.72(d,J = 16 Hz, 2 H).

wm

B. 1,5-Di-{4-isopropylphenyl)-3-hydroxypeniane.

15
Using the procedure of Example 3 with the resuftant compound of Example 89A but replacing methy!
cellusolve with methanol gave the desired compound. '
20 Example S0
A 5-Di-(4-benzyloxyphenyl)-1.4-penten-3-one.
25

Using the procedure of Example 89A but replacing 4-isopropylbenza‘dehybe with 4-benzyloxybenzylal-
dehyde gave the desired compound in 70% yield after recrystaliization from dichloromethane/hexane. 'H
NMR (CDCl3) 5 8.95 (d, J = 16 Hz, 2 H}, 7.00 (d, J = 8 Hz, 4 H), 7.3-7.5 (m, 10 H), 7.58 (d. J = 8 Hz, 4

30 H),7.70(d,J = 16 Hz, 2 H). Mass spectrum: (M + H)‘ = 447,

_li. 1,5-Di-{4-hydroxyphenyl)-3-hydroxypentane.

35
Using the procedure of Example B9B with the resultant compound of Example 90A gave the desired
compound (R, 0.25, 40% ethy! acetate in chioroform) in 30% vyield after silica gel chromatography using
40% ethyl acetate in chioroform. "H NMR (CDClz) & 1.76 (m, 4 H), 2.55-2.7 {m, 4 H), 3.63 (m, 1 H), 4.59 (s,
2H),8.25(d,J = 9 Hz 4H),7.05(d J =9 Hz 4 H). Mass spectrum: (M + NH4)4 = 290.
40

Example 91

45
A. Di~(1-naphthyl)-1,4-penien-3-one.

Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with 1-naphthaldehyde
50 gave the desired compound in 39% yield after recrystallization from ethyl acetate/hexans. 'H NMR (CDCls)
5724 (d, J = 16 Hz, 2 H), 7.5-7.7 (m, 6 H), 7.9-8.0 (m, 6 H}, 828 (d, J = BHz, 2 H), 886 (d,J = 16 Hz, 2

Hj.

55 B.1 5-Di-(1-naphthyl}-8-hydroxypentane.

Using the procedure of Example 89B with the resultart compound of Example 1A but replacing

96
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palladium on carbon with Raney nickel gave the desired compound after silica gel chromatography.

Example 9_2_
5
A. Di-(4-methoxyphenyl)-1.4-penten-3-one.
10
Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with p-anisaldehyde gave
the desired compound in 61% yield afier recrystallization from ethy! acetate/hexane. 'H NMR (CDCls) § 3.87
(s,6H),692(d,J=9Hz 4H),696(dJ=16Hz 2H),758(d J =9 Hz, 4H),771(dJ=16Hz 2
H).
5
E,; 1.5-Di-{4-methoxyphenyl)-3-hydroxypentane.
20 Using the procedure of Example 89B with the resultant compound of Example 92A gave the desired
compound after silica gel chromatography.
Example 93
25 -
i. Di-(4-bromophenyi)-1,4-penten-3-one.
30
Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with 4-bromobenzaldehyde
gave the desired compound in 79% yield after recrystallization from ethyl acetate/hexane. *H NMR (CDCls)
6§7.056(d,J =16Hz, 2H),748{dt, J = 9,2 Hz, 4 H),757 (dt,J = 9, 2 Hz, 4 H}, 768(d J = 16 Hz, 2
H).
35
_B_: 1,5-Di-(4-bromophenyl)-3-hydroxypentane.

40 Using the procedure of Example 89B with the resultant compound of Example 93A but replacing
palladium on carbon with 5% platinum on carbon gave the desired compound after silica gel chromatog-
raphy.

45 Example 94

A. Chz-glanine Ester of 3-Hydroxy-1,5-diphenylpentane.

50

A solution of 100 mg (0.42 mmol) of 3-hydroxy-1,5-diphenylpentane, 84 mg {0.42 mmol) of Cbz-alanine,
and 10 mg (0.08 mmol) of 4-dimethylaminopyridine in'4 mi of dichloromethane was treated with 89 mg
(0.51 mmol} of N»ethy?-N(~{dime§hyfaminoethyi} carbodiimide hydrochloride. Afier being stirred at ambient

55 iemperature for 7 h, the solution wes diluted with ethy! acetale, washed sequentially with 10% aqueous
citric acid, water, aqueous NaHCOs and saturated brine, dried over MgSQ0., and concentrated to give the
desired compound.

STAN 034261
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B. Alanine Ester of 3-Hydroxy-1,5-diphenylpentane

Using the procedure of Example 11 with the resultant compound of Exampie 94A gave the desired
compound in 73% yield after silica gel chromatography using 5% methanol in chloroform. "H NMR (CDCla)
§1.35 (d, J = 7 Hz, 3 H), 1.8-20(m, 4 H), 28-27 (m, 2 H), 348 (g, J = 7Hz, 1 H),5.02 (1L, J = 7. 5 Hz, 1
H), 7.1-7.3 {m, 10 H).

Anal. Calcd. for CaoHas CINO,*0.5H0: C, 67.31; H, 7.63; N, 3.92. Found: C, 67.19; H, 7.25; N, 3.85.

Example 95

A Boc-glycine Ester 9_{ 3-Hydroxy-1,5-diphenylpentane.

Using the procedure of Example 94A but replacing Cbz-alanine with Boc-glycine gave the desired
compound.

_B_. Glycine Ester of 3-Hydroxy-1,5-diphenyipentane Acetate.

Using the procedure of Example 12 with the resultant compound of Example 95A gave a white solid
which was taken up in dichloromethane, washed with aqueous NaHCOs;, dried over Na:80:, and con-
centraied. Silica gel chromatography using 1.5% methanol in chioroform followed by treatment with acetic
acid in chloroform gave, after concentration, the desired compouned in 79% vyield. *H NMR (CDClz) § 1.9-
2.0 (m, 4 H), 2.09 (s, 3 H), 2.6-27 {m, 4 H), 3.32 (br s, 2 H), 3.8-3.8 (m, 2 H), 5.06 (1, J = 7,5 Hz, 1 H),
7.1-7.3 {m, 10 H). Mass spectrum: (M + H)‘ = 208.

Example g§

A N2 N¢-Di-Cbz-lysine Ester of 3-Hydroxy-1,5-diphenylpentane.

Using the procedure of Example 94A but replacing Cbz-alanine with N%Nf-Di-Cbz-lysine- gave the
desired compound.

B. Lysine Ester of 3-Hydroxy-1,5-diphenyipentane Diacetate.

A mixture of 180 mg (0.28 mmol) of the resultant compound of Example 96B and 50 mg of 10%
paliadium on carbon in 5 mi of methano! and 0.3 ml of acetic acid was stirred under an H: almosphere for
16 h. The solution was filtered through Celite and concentrated to give 135 mg (98%) of the desired

compound as a white solid. Mass spectrum: (M + H) = 366.
Anal. Caled. for CorHeaN2O: *H20: C, 64.01; H, 8.36; N, 5.53. Found: C, 83.97; H, 8.13; N, 5.36.

Example g7

2-{+-Butyloxycarbonylamino)-4-({6-(Cbz-arminojhexanoyljamino}-1 S-diphenyi-3-hydroxypentane.

98
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N-{8-(Benzyloxycarbonylamino)hexanoic acid was coupled to the resultant compound of Example 11
using the mixed anhydride procedure of Example 54A to give the desired compound after silica gel
chromatography using 75% ethyl acetate in chloroform.

Examplé 98

2-({3-(Benzyloxycarbonyl}-3-methylpropanoyljamino)-4-({6-(Cbz-amino)hexanoyl)amino)-1,5-diphenyl-3-
hydroxypeniane.

The resultant compound of Example 97 (32 mg) was deprotected according to the procedure of
Example 12 and coupled to 3-benzyloxycarbonyl-2,2-dimethylpropanocic acid (Matsushita, et. al,, Heterocy-
cles, 22, 1403 (1984) according to the mixed anhydride coupling procedure of Example 54A fo give the
desired compound in 28% yneld after silica gel chromatography using 60% ethyl acetate in chloroform.
Mass spectrum: (M - PhCHzO) = 628.

Example _9_9

2-{{3-Carboxy-3-methylpropanoyl)amino)-4-{6-aminohexanoyllamino-1 ,5—dipheny\-s-hydroxypentane.

Using the procedure of Example 71C with the resultant compound of Example 98 gave the desxred
compound in 100% yield. Mass spectrum: (M + H) = 512.

Example j_(_)_q

ﬁ {48)-3-{4-Methylpentanoyl)-4-(2-propyljoxazolidine-2-one.

To a stirred solution of 4-(2-propyl)-oxazoifidine-2-one in anhydrous tetrahydrofuran (250 ml) under a
nitrogen atmosphere at -78° C was added in a dropwise fashion a solution of n-butyn;th:um in hexane (50
ml, 77.4 mmol} over 5 to 10 min. After stirring an additional 20 min at -78" C, 4-methylpentanoyl chioride
(85.2 mmol) was added neat. The reaction was warmed {0 room temperature and stirred 1 to 2 h at the
temperature. The reaction was quenched by adding 100 ml of saturated agueous ammonium chioride and
the volatiles were removed by rotary evaporation. The resulting aqueous residue was extracted three times
with ether and the combined organic phases were washed with brine, dried (Na:50.), filtered and
concentrated in vacuo. Recrystallization from hexanes/ethy! acetate provided the desired compound.

B. {4R)-3-{{2-R)-2-(t-Butyloxycarbonylymethyl-4-methylpentanoy!)-4-(2-propyljoxazolidine-2-one.

To a stired solution of the resuliant compound 0? Example 100A (8.72 mmol} in anhydrous
tetrahiydrofuran (30 mi} under & nitrogen atmosphere at -78° C was added a scIu’exon of sodium hexamethyi-
disilylamide (0.6 ml, 9.58 mmgl} in tetrahydrofuran. After stirring for 30 min at -78" G, t-buty! bromoacetate
{2.21 g, 11.34 mmel} was added in anhydrous tetrahydrofuran and the resulting solution stirred 1 h at
-78° C. The reaction was gquenched by adding 20 ml of saturated agueocus ammonium chioride and

99
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partitioned between water and ether. The agueous layer was drawn off and extracted with ether. The
combined organic phases were washed with 10% agueous HCI, saturated aqueous NaHCOz, and brine,
dried (Na>S0.), filtered, and concentrated in vacuo. Recrystallization from acetone/hexanes provided the
desired compound. -

_C_. Benzyl-(2R)-2-{t-Butyloxycarbonylimethyl-4-methylpentanoate.

10 To a stirred solution of dry benzyl alcohol (0.55 mi, 5.33 mmol) in anhydrous tetrahydrofuran (18 mi)
under a nitrogen atmosphere at 0" C was added a hexane solution of n-butyllithium (2.58 mi; 4.00 mimol).
To this solution was added the resultant compound of Example 100B in anhydrous tetrahydrofuran (10 mil).
After stiring 1 h at 0° C the reaction was quenched by adding excess saturated aqueous ammonium
chloride. The volatiles were removed by rotary evaporation and the resulting aqueous residue was extracted

15 two times with ether. The combined organic layers were washed with brine, dried (Na:SO.). filtered, and
concentrated in vacuo to provide an oil which was purified by chromatography on SiO: to give the desired
compound.

20 D. Benzy! (2R)-2-(Carboxymethyl)-4-methylpentanoate.

The resultant compound of Example 100C (1.47 mmol) was dissolved in a 1:1 {viv) solution (6 ml} of

trifluoroacetic acid and dichloromethane and stirred at room temperature for 1 h. The volatiles were

25 removed in vacuo to provide the desired compound. The unpurified material was of sufficient purity to
employ in subsequent steps.

_[_E_. Benzyl(2R)-2-Isobutyl-3-morpholinocarbonylpropionate.

30

The resultant compound of Example 100D was coupled to morpholine using the mixed anhydride
procedure as described in Exampie 6F to give the desired compound.

35
E (2R)-2-Isobutyl-3-morpholinocarbonylpropionic Acid.

The resultant compound of Example 100E was hydrogenolyzed according to the procedure of Example
40 71C to provide the desired compound.

G. 2-(1-Butyloxycarbonylamino)-4-(N-(2-isobutyl-3-morpholinocarbonyipropionyljamino}-1.5-diphenyi-3-hydrox-

ypentane.
45
According to the carbodiimide coupling procedure of Example 65, the resultant compound of Example
100F was coupled to the resultant compound of Example 11 to give the desired compound.
50
Example 101
55 A {i4Morpholinyhicarbonylioxy)-4-methylpentanocic Acid Methyl Ester.

To 2-hydroxy-4-methyipentancic acid methy! ester was added 150 mi of 12.5% phosgene in toluene
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and 25 drops of dimethylformamide. After stirring for 18 h at room temperature, the solvent was evaporated

and the residue chased several times with benzene. The resulting product was dissolved in methylene

chioride (60 ml), cooled to 0° C and treated by dropwise addition with 3.86 g (0.044 mol) of morpholine. The

- reaction mixture was stirred for 2 h at 0-5° C and then distributed between 0.5 N HCI and methylene

5 chloride. The organic phase was washed with aqueous NaHCOs; and brine and evaporated to a residue.
Flash chromatography on silica gel gave the desired compound.

§_. {{{4Morpholinyljcarbonyloxy)-4-methylpentanoic Acid.

10

The resultant compound of Example 101A was hydrolyzed according to the procedure of Example 6E
to provide the desired compound.

15
9; 2-(t-Butyloxycarbonylamino)-4-(N-({{{4-morpholinyl)carbonyljoxy}-4-methylpentanoyi)amino)-1,5-dipheny!-3-
hydroxypentane. o

20 According to the carbodiimide coupling procedure of Example 55, the resultant cbmpound of Example
101B was coupled to the resultant compound of Example 11 to give the desired compound.

Example 102
25
A. Benzy! (2R}-2-isobutyl-3-((N-benzyl-N-methylamino)carbonyl)propionate.
30
The resultant compound of Example 100D was coupled to benzylamine using the mixed anhydride
procedure as described in Example 6F to give the desired compound.
35 B. (2R)-2-Isobutyl-3-((N-benzyl-N-methylamino)carbonyl)propionic Acid.
The resultant compound of Example 102A was hydrolyzed according to the procedure of Example 6E
to provide the desired compound.
40

C. 2-(-Butyioxycarbonylamino)-4-(N-(2-isobutyl-3-({N-benzyi-N-methylamino)carbonyl)propionyljamino)-1,5-
- diphenyl-3-nydroxypentane.

45
According %o the carbodiimide coupling procedure of Example 55, the resultant compound of Example
102B was coupled 1o the resultant compound of Example 11 to give the desired compound.
50 Example 103

2-Amino-4-{N-(2-isobutyl-3-{{N-benzyl-N-methylaminojcarbonyhpropionyljaminc)- 1 S-diphenyk-3-hydroxypentane
55 Hydrochioride.

Using the procedure of Exampie 12 with the resultant compound of Example 102C gave the desired
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compound.

Exampie _1_%

2,4-Bis-(N-{2-isobutyl-3-{{N-benzyi-N-methylamineo)carbonyl)propionyljamino)-1,5-diphenyl-3-hydroxypentane.

10
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
102B was coupled to the resuliant compound of Example 103 to give the desired compound.
15 Example 105
A. Benzyl (2R)-2-1sobuty!-3-(((4-N-benzyl-N-methylamino)carbonylyamino)propionate.
20

The resultant compound of Example 100D (1.47 mmol), diphenylphosphoryl azide (1.47 mmol), and
triethylamine (1.47 mmol) in dry benzene {6 ml) were refluxed for 5 h to provide a solution of the derived
isocyanate which was cooled to 0° C and treated with benzylamine (1.6 mmol). The cooling bath was

25 removed and the reaction stirred for 1 h. The reaction mixture was poured into 10% aqueous HCI and
extracted two times with ether. The combined organic layers were washed successively with saturated
aqueous NaHCOs; and brine, dried (Naz80y4), filtered and concentrated in vacuo {o provide the unpurified
product. The desired product was obtained in pure form after chromatography on SiO;.

30
B. {2R}-2-Isobutyl-3-({{N-benzyl-N-methylamino)carbonyl)amino)propionic Acid.

The resultant compound of Example 105A was hydrolyzed according to the procedures of Example 6E
35 to give the desired compound.

C. 2-(t-Butyloxycarbonylarino}-4-(N-(2-isobutyl-3-({(N-benzy}-N-methylaminojcarbonyljaminopropionyljamino)-
1,5-diphenyi-3-hydroxypentane. :

40
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
1058 was coupled 1o the resultant compound of Example 11 to give the desired compound.
45
Example 108
50 A. Benzyl (2R})-2-Isobutyl-3-({ethoxycarbonyliamino)propionate.
Using the procedure of Example 105A bui replacing benzylemine with ethanol gave the desired
compound.
55

B. {2R}-2-Isobutyl-3-{{ethoxycarbonyljamine)propionic Acid.
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STAN 034266



Case 3:05-cv-04158-MHP  Document 179-14  Filed 08/10/2007 Page 14 of 31

EP 0 402 646 A1

The resultant compound of Example 106A was hydrogenolyzed according to the procedure of Example
71C to give the desired compound.

§ C 2-(t-Butyloxycarbonylamino)-4-(N-{2-isobutyl-3-({ethoxycarbonylamino)propionyl )ammo)-1 S-diphenyl-3-

15
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55

hydroxypentane.

According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
106B was coupled to the resultant compound of Example 11 to give the desired compound.

Example 1_(_)Z

A. N-Benzyloxycarbonyl-N-methyl-2-aminoethanol.

To N-methylethanolamine (149 mmol) in methylene chloride (100 ml) at 0’ G was added benzyl
chloroformate (70 mmol). The mixture was stirred at 0" C for 30 min, then at room! temperature for 1 h,
poured into ethyl acetate, washed with 2 M HCI, saturated NaHCOs solution, and Brine, then dried over
Na2SO. and evaporated to provide the desired compound. 'H NMR (CDCl;, TMS) & 7.36 (m5H), 5.14
{s,2H), 3.78 (m,2H), 3.47 (m,2H)}, 3.01 (s,3H).

& 1-Methoxysthoxymethoxy-2~(N-methyl-N-benzyloxycarbonylamino)jethane.

To the resultant compound from Example 107A (66 mmol) in methylene chloride (100 mi) was added
ditsopropylethylamine (138 mmol) and 2-methoxyethoxymethyl chioride (132 mmol). After 4 h the mixture
was evaporated, dissolved in ethyl acetate, washed with 0.5 M HsPOs, saturated NaHCOs3 solutton and
brine, then dried over Na:SOs, and evaporated to afford the desired product as an oil, b.p. 150-170" C (0.3
mm).

C. 1-Methylamino-2-methoxyethoxymethoxyethane.

The resultant compound from Example 107B (31 mmol) and 10% palladium on carbon (3 g) in
methanol (60 ml) were stirred under a hydrogen atmosphere for 24 h. The mixture was filtered, evaporated
and distilled to afford the desired product as an oil, b.p. 130-140° C (45 mm).

!_3_: Benzyt (2H}-2-\sebu’ryi-3-(N'methy!—2—methoxyethoxymeihoxyethyl)ammocarbony)}propionat&

The resultant compound of Example 100D was coupled to the resultant compound of Example 107C
using the mixed anhydride procedure of Example 6F to give the desired compound.

£ {2R}2—isobutyi‘&(wmsthyf—N-{2-methoxyethoxymethoxyethyI)aminocarbonyi}propionic Acid.

The resultent compound of Example 107D was hydrogenolyzed accc»rdihg to the procedure of Example
71C to give the desired compound.
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E 2-(t-Butyloxycarbonylamino)-4-(N-2-isobuty!-3-(N-methyl-N-(2-methoxysthoxymethoxyethylaminocarbonyl}-
propipnylhamino}-1,5-diphenyi-3-hydroxypentane.

5 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
108B was coupled to the resultant compound of Example 11 fo give the desired compound.

Example 108
10
2-(t-Butyloxycarbonylamino)-4-(p-toluenesulfonylamino)-1,5-diphenyi-3-hydroxypentane.
15
The resultant compound from Example 11 (0.05 mmol) in 2 mi of pyridine was cooled to 0°C and
treated with 0.05 mmol of p-toluenesulfonyl chloride. After 2 h, the solution was diluted with ether, washed
sequentially with 1 N HCI, aqueous NaHCOQs, and saturated brine, dried over MgSQ.. and concentrated.
Silica gel chromatography gave the desired compound.
20
Example 109
25

2-Amino-4-(p-toluenesulionylanino)-1,5-diphenyl-3-hydroxypentane Hydrochioride.

Using the procedure of Example 12 with the resultant compound of Example 108 gave the desired
30 compound.

Example 110
35
2.4-Bis-{p-toluenesulfonylamino}-1,5-diphenyl-3-hydroxypentane.
40 Using the procedure of Example 108 with the resultant compound of Example 108 gave the desired
compound.
Exampie 111
5 -
2-{+-Butyloxycarbonylamino}-4-(N-{{p-toluenesulfonylivalinyliamino)-1,5-diphenyl-3-hydroxypentane.
50
According to the carbodiimide coupling procedure of Example 55, N-(p-toluenesulfonyljvaline was
coupled to the resuliant compound of Example 11 {o give the desired compound.
55 Example 112
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2-Amino-4-(N-({p-toluenesulfonyljvalinyl)amino)-1,5-diphenyl-3-hydroxypentane Hydrochioride.

Using the procedure of Example 12 with the resuitant compound of Example 111 gave the desired

§ compound.
Example 113
10
2,4-Bis-{N-{{p-toluenesuifonyljvalinyl)amino)-1,5-diphenyl-3-hydroxypentane.
5 According to the carbodiimide coupling procedure of Example 55, N-p-toluenesulfonyljvaline was
coupled to the resuftant compound of Example 112 to give the desired compound.
Example 114
20
_F_\; N-{2-Cyanoethylfleucine Methy! Ester.
25 .
A solution of leucine methyl! ester (0.590 mmol) in acrylonitrile (2 ml) was heated at reflux. Evaporation
provided a residue which was chromatographed on silica gel to give desired compound.
30 §, N-(3-Benzyloxycarbonylaminopropyileucine Methyl Ester.

The resultant compound of Example 114A (0.135 mmol) was hydrogenated (4 atmospheres Hz) over

Raney Nickel {85 mg) in anhydrous methanol/ammonia (20 mi/s mi) for 3 h. Filtration and evaporation

35 provided the crude amine which was taken up in dichloromethane and freated with 0.14 mmol of N-

(benzyloxycarbonyloxy)succinimide. After 2 h, the solution was washed with aqueous NaHCOs, dried over
Na, S04, and concentrated. Silica gel chromatography gave the desired compound.

40 C. N-(3-Benzyloxycarbonylaminopropyljleucine.

The resultant compound of Example 114B was hydrolyzed according to the procedure of Example 8E
to give the desired compound.
45

D. 2-(-Butyloxycarbonylamino}-4-(N-({(3-benzyloxy carbonyhaminopropyieucinyljamino)-1,5-diphenyl-3-hydrox-

ypentane.
50
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
114C was coupled to the resultant compound of Example 11 to give the desired compound.
55 Exampie 115
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2-(t-Butyloxycarbonylamino)-4-{N-{{3-aminopropyfleucinyl)amino)-1,6-diphenyl-3-hydroxypentane.

The resultant compound of Example 114D was hydrogenolyzed according to the procedure of Example

-5 71C {o provide the desired compound.
Exampie 1_1_?_
10
A Methy! a-Benzylacrylate.

15 a-Benzylacrylic acid (1.00 g, 6.17 mmol} in methanol (20 ml) was treated with BF3*Ei:0 (2 mi). The
mixture was heated to refiux for 14 h, cooled, and poured into saturated NaHGO; solution. Extraction with
sther followed by drying over Na:S0O. and evaporation afforded 1.03 g (85%) of a mobile oil. *NMR {CDCl;)
§ 7.17-7.35 {m,5H), .23 (m,1H), 5.47 (m,1H), 3.74 (s,3H), 3.63 (s,2H).

20

?_. Methyl 2-Benzyl-3-(N-methoxyl-N-methylamino)propionate,

~ The resuftant compound from Example 116A (800 mg, 4.54 mmol}, N-methyl,O-methylhydroxylamine
25 hydrochloride (0.57 g, 5.4 mmol), and NaHCO; (0.46 g, 5.48 mmol) in dimethylsulfoxide (5 ml) were heated
at 130" C for 20 h. The mixiure was diltted with ethyl acetate, washed with water, saturated NaHGQs;
solution and brine, and then was dried over Na2803 and evaporated. Chromatography of the residue on
silica gel with 10% ethyl acetate in hexane afforded 226 mg {21%]) of a mobile oil. '"H NMR (CDClz) 8 7.10-
7.30 (m,5Hj), 3.60 (s,3H), 3.47 (s,3H), 2.80-3.10 (m 4H), 2.60 (dd,1H), 2.55 (s.3H).
30

_C_: 2—Benzyl—3~{N-methoxyl-N~methyIamino)propionic Acid.

35 Using the procedure of Example 117B with the resultant compound from Example 116B gave the
desired product. *H NMR (CDCl3) 8 7.10-7.35 (m,5H), 3.58 (s,3H), 2.62 (s,3H).

D. 2-(t-Butyloxycarbonylamino}-4-(N-(2-benzyl-3-(N-methoxyl-N-methylamino)propionyliamino}-1.5-diphenyl-3-
a0 hydroxypentane.

According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
116C was coupled to the resultant compound of Example 11 to give the desired compound.
45

Example 117

50
A. Methyl 2-Benzyl-3-pyrazol-1-yipropicnate.

Using the procedure of Example 1168 bul replacing N-methyl,O-methylhydroxylamine hydrochioride
s5 and NaHCOs with pyrazole provided the desired product as an oil. "H NMR (CDCls) 6 7.52 (d,1H), 7.10-7.35
{m,BH}, B.10 {dd,1H), 4.38 (dd, 1H}, 4.24 (dd,1H), 3.57 (s,3H}, 3.37 {m,1H), 2.98 (dd,1H;}, 2.82 (dd,1H}.
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E 2-Benzyl-3-pyrazol-1-ylpropionic Acid.

The resultant compound from Example 117A (100.0 mg, 0.409 mmol} in dioxane (2 mi) at 0" C was
§ treated with LIOH*H20 (22.0 mg, 0.524 mmol) in water (1 ml). After 1 h at 0" C and 30 min at room
temperature the solvent was evaporated and the residue was taken up in water, the pH was adjusted to pH
3-4, and the mixiure was extracted with CHCl; which was dried over Na,SQs and evaporated to afford 96
mg (100%) of a solid. 'H NMR (CDCl3) § 7.56 (d,1H), 7.10-7.35 (m,6H), 6.26 (dd,1H), 4.30 (m,2H), 3.34
(m,1H), 3.12 (dd,1H), 2.72 (dd,1H).
10

9_. 2-{t-Butyloxycarbonylamino)-4-(N-(2-benzyl-3-pyrazol-1-ylpropionyl)amino)-1,5-diphenyl-3-hydroxypentane.

15 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
117B was coupled to the resultant compound of Example 11 to give the desired compound.

Exampie 118
20

A Methy! 2-Benzyl-3-tert-butyimercaptopropionate.

25
To sodium (3.05 g, 133 mmol) in methanol (135 ml) was added tert-butylmercaptan (17.0 ml, 151
mmol). After 20 min methy! a-benzylacrylate (17.05 g, 96.8 mmol) in methanol (100 ml) was added and
after 1 h at room temperature the mixture was heated at reflux for 17 h. Afier cooling, the mixture was
acidified with 2 M HCI {70 ml}, concentrated, taken up in ether, washed with water and brine, then dried
30 over MgS0, and evaporated fo 23.59 g (92%) of an oil. 'H NMR (CDCl3) § 7.15-7.35 (m,5H), 3.63 (s,3H),
2.60-3.05 {(m,5H), 1.28 (s,9H).

B. Methyl 2-Benzyl-3-tert-butylsulfonylpropionate.

35

To the resultant. compound from Example 118A (270 mg, 1.01 mmol) in methanol (6 ml) and water (&

mi) at 0° C was added potassium peroxymonosulfate {1.845 g, 6 mmol) in portions. Atter 15 min at 0° C and

24 h at room temperature the mixture was filtered, diluted with water, and extracted with CH2Cl; which was

40 washed with brine, dried over MgSO., and evaporated to 300 mg (89%) of an oil. 'H NMR & 7.15-7.35
{m,5H), 3.68 (s,3H), 3.45 (m,2H), 3.12 (dd,1H), 2.88 (m.2H), 1.37 (s,9H).

C. 2-Benzyl-3-tert-butylsulionylpropionic Acid.

45

The resuftant compound from Example 118B (282 mg, 0.85 mmol) in 6 M HCI (2 ml) and acetic acid
{0.4 mi) was heated at reflux for 18 h. The mixiure was cooled and filtered and the resulting solid was
recrystallized from methycyclohexane/ethyl acetate to afford 152 mg (56%) of the desired product, m.p.

50 147-148°C.

D. 2-{+-Butyloxycarbonylamino)-4-(N-(2-bsnzyi-3-tert-butylsulfonyipropionyijamino)-1,5-diphenyl-3-hydroxypen-
tane.

56

According to the carbodiimide coupling procedure of Exampie 55, the resultant compound of Example
118C weas coupled to the resultant compound of Example 11 fo give the desired compound.
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Example 119.

52-(-Butyloxycarbonylamino)-4-(N-(3-phenyl-2-(phenyimethylpropionyljamino}-1,5-diphenyl-3-hydroxypeniane.

According to the carbodiimide coupling procedure of Example 55, dibenzylacetic acid was coupled to
the resultant compound of Example 11 to give the desired compound.
10

Example 120

15
1,6-Di-(4-isopropylphenyl}-3-(methoxymethyljpentane.

Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resuitant compound
20 of Example 89B gave the desired compound.

Example 121
25
1,5-Di-(1-naphthyl)-3-(methoxymethyljpentane.
30 Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resuliant compound
of Example 91B gave the desired compound.
Example 122
35
1,5-Di-(4-methoxyphenyl}-3-(methoxymethyljpentane.
40
Using the procedure of Example 51 but replacing 1.5-diphenyl-3-pentanol with the resultant compound
of Example 92B gave the desired compound.
45 Example 123
1,5-Di-(4-bromophenyl)-3-{methoxymethylipentane.
50
Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resultant compound
of Example 838 gave the desired compound.
55

Example 124
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1,5-Diphenyl-3-(thiomethoxymethyl)pentane.

Page 20 of 31

1,5-Diphenyl-3-hydroxypropentane was treated with sodium hydride followed by chloromethyl methy!
sulfide and sodium iodide according to the procedure of Corey and Bock {Tetrahedron Lett, 1975, 3269) to
provide the desired compound.

Example 125

1,5-Diphenyl-3-(2-methoxyethoxymethyl)pentane.

Using the procedure of Example 51 but replacing chioromethyl methyl ether with 2-methoxyethox-
ymethy! chloride gave the desired compound.

Example _1_?_@

f\; Methyl 2-Fluoro-3-phenylpropanoate.

Using the procedure of Example 34B but replacing the resultant compound of Example 34A with methyl
3-phenyllactate provided the desired compound.

B. 2,3-Epoxy-4-fluoro-1,5-diphenyipentane.

The resultant compound of Example 1268 treated with a-lithio-2-phenylethy! phenyl sulfoxide according
to the procedure of Bravo et. al. {J. Chem. Soc., Perkin Trans. |, 1989, 1201) to provide the desired

compound.

C. 2-Azido-1,5-diphenyl-4-fluoro-3-hydroxypentane.

Using the procedure of Example 10C with the resultant compound of Example 126B gave the desired

compound.

Example _1__21

2-Amino-1,5-diphenyl-4-fluoro-3-hydroxypentane.

Using the procedure of Example 10D with the resuliant compound of Example 126C gave the desired

cempound.

Example 128
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2-(N-Cbz-valinyljamino-1,5-diphenyl-4-fluoro-3-hydroxypentane.

Using the procedure of Example 55 but replacing the resultant compound of Exampie 11 with the
5 resultant compound of Example 127 gave the desired compound.

Example 129
10
2-(N-Cbz-valinyllamino-1,5-diphenyi-4-fluoro-3-pentanone.

15 According to the procedure of Thaisrivongs et al. (J Med. Chem. 1986, 28, 2080j, the resultant
compound of Example 128 was oxidized with oxalyl chloride/dimethy! sulfoxide to provide the desired
compound.

20 ) Example 130

A Benzyl o-Isopropylacrylate.

25

a-lsopropylacrylic acid (13 mmol) in dry ether (40 ml) was treated with dicyclohexylcarbodiimide (12
mmol), benzyl alcoho!l (12 mmol) and 4-dimethylaminopyridine (2.5 mmol). After stirring at ambient
temperature for 44 h, the mixture was filtered and evaporated. Silica gel chromatography provided the

o desired compound.

ES_. Benzyl 3-Acetyimercapto-2-isopropyipropionate.

35
The resultant compound of Example 130A (27 mmol) in dry ether (10 mi) was treated with thiclacetic
acid (42 mmol} and pyridine (28 mmol). After & days, the mixture was concentrated in vacuo and
chromatographed on silica gel to provide the desired compound.
40

_(2; 2-Benzyloxycarbonyl-3-methylbut-1-ylsuliony! Chloride.

Chiorine was bubbled. into a mixture of the resultant compound of Example 130B (25 mmol) in water
45 (250 mi) for 30 min at ambient temperature followed by nitrogen which was bubbled through the mixture for
15 min. The mixture was extracted with methylene chloride which was dried over MgS0. and concentrated

to provide the desired compound which was used without further purification.

50 D. Benzy! 2-1sopropyl-3-(4-methylpiperizin-1-ylsulionyljpropionate.

A solution of the resultant compound of Example 130C (2.8 mmalj in 10 mi of dichloromethane was

cooled to -10° C and treated with 1-methylpiperazine (8.5 mmol). After 30 min, the solution was con-

ss  cenirated in vacuo, taken up in ethyl acetate, washed sequentially with aqueous NaHCO: and saturated
brine, dried over N2, S04, and concentrated. Silica gel chromatography provided the desired compound.
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E 2-Isopropyl-3-(4-methyipiperizin-1-yisulfonyl)propionic Acid.

The resultant compound of Example 130D was hydrogenolyzed according to the procedure of Example
5 71C to provide the desired compound. i

_f_:_: 2-{t-Butyloxycarbonylamino}-4-(N-((2-isopropyl-3-(4-methylpiperizin-1-yl)sulfonyljpropionyfiamino)-1,5-
diphenyl-3-hydroxypentane.

10
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
130E was coupled o the resultant compound of Example 11 to give the desired compound.
15
Example 131
20 A. Benzyl 2-isopropyl-3-(morpholin-4-yisulfonylpropionate.
Using the procedure of Example 130D but replacing 1-methylpiperazine with morpholine gave the
desired compound.
25
?_: 2-Isopropyl-3-(morpholin-4-ylsulionyl)propionic Acid.
30 The resultant compound of Example 131A was hydrogenolyzed according to the procedure of Example

. 71C to provide the desired compound.

_C_)_. 2-(t-Butyloxycarbonylamino)-4-(N-({2-isopropy!-3-(morpholin-4-yljsulfonyljpropionyljamino)-1 5-diphenyl-3-
35 hydroxypentane.

According to the carbodiimide coupling procedure of Example 85, the resultant compound of Example
131B was coupled to the resultant compound of Example 11 to give the desired compound.
40

Example 132

45 .
A. Benzyi 2-Isopropyl-3-{{benzylamino)sulfonyljpropionate.

Using the procedure of Exampie 130D but replacing 1-methyipiperazine with benzylamine gave the
50 desired compound.

B. 2-Isopropyl-3-{{benzylamingojsulionylipropionic Acid.

55
The resultant compound of Example 132A was hydrolyzed according to the procedure of Example 6E
to provide the desired compound.
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9_. 2-(t-Butyloxycarbonylamino)-4-(N-{{(2-isopropyl-3-(benzylamino)sulfonyl)propionyljamino)-1,5-dipheny|-3-
hydroxypentane.

5 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
132B was coupled to the resultant compound of Example 11 to give the desired compound.

Example 1§_€3‘
10

2-Amino-4-(N-({2-isopropyl-3-(4-methyipiperizin-1-yl)sulfonyl)propionyllamino)-1,5-diphenyl-3-hydroxypentane
Dihydrochioride. j
15

Using the procedure of Example 12 with the resultant compound of Example 130F provided the desired
compound.

20
Exampie 134

25 2,4-Bis-(N-({2-isopropyl-3-(4-methylpiperizin-1 ~y$)sulfonyl)propionyl)amino)—1 5-diphenyl-3-hydroxypentane.

According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
130E was coupled to the resultant compound of Example 133 to give the desired compound.

30
Example 135
35
2-Amino-4-(N-{(2-isopropyl-3-(benzylamino)sulfonyljpropionyl)amino}-1,5-diphenyi-3-hydroxypentane Dihydroch-
loride.
40 Using the procedure of Exampie 12 with the resultant compound of Example 132C provided the desired
compound.
Example 136
45
2.,4-Bis-(N-{{2-isopropyl-3-{benzylamino)sulfonylipropionyljamino}-1,5-diphenyl-3-hydroxypentane.
50
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
1328 was coupled to the resultant compound of Example 135 to give the desired compound.
55 Example 137
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é_. N-{(4-Methylpiperazin-1-yl)sulfamoyl)valine Benzyl Ester.

A solution of valine benzyl ester p-tolusnesulfonate {5 mmol) in dichioromethane (50 mi) was cooled to

5 0 C and treated sequentially with diisopropylethylamine (12 mmol} and 4-methylpiperazinesuifamoyl

chioride. After being stirred for 16 h at ambient temperature, the solution was diluted with ethyl acetate,

washed_sequentially with 1N HCI, water, and aqueous NaHCOs, dried over MgS0., and concentrated in
vacuo. Silica gel chromatography provided the desired compound.

10
g N-({(4-Methylpiperazin-1-ylsulfamoyljvaline.

The resultant compound of Example 137A was hydrogenolyzed according to the procedure of Example
15 71C to provide the desired compound.

9_: 2—(t~Butyloxycarbonylamino)—&(N~(((4-methyipiperazin'—1 -yhisulfamoyijvalinyl)amino)-1,5-diphenyi-3-hydrox-

ypentang. :
20 i
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
137B was coupled to the resultant compound of Example 11 to give the desired compound.
25

Example }_3_8

£ Amino-4-(N-({(4°methylpiperazin-1-yl)sulfamoylvalinyl)amino)-1,5-diphenyl-3-hydroxypentane Dihydrochloride.

Using the procedure of Example 12 with the resultant compound of Example 137C provided the desired
compound.
35

Example _1_:_33

40
2 4-Bis-(N-{{{(4-methylpiperazin-1-ylsulfamoyljvalinyljamino}-1,5-diphenyl-3-hydroxypentane.

According 1o the carbodiimide coupling procedure of Example 55, the resuttant compound of Example
45 137B was coupled to the resultant compound of Example 138 to give the desired compound.

Example 140
50
2 4-Bis-N-(valinyliamino-1,5-diphenyl-3-hydroxypentane.

55 The resultant compound of Example 70 was hydrogenclyzed according to the procedure of Example
71C {0 provide the desired compound (R 0.1, 10% methanot in chioroform} as a white solid, m.p. 131-
132" C.
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Exampie 141

5 2-Amino-5-(t-butyloxycarbonylamino}-3,4-dihydroxy-1,8-diphenyl-3-hexanse.

A mixture of 0.13 g of the resultant compound of Example 17B and 0.13 g of 10% palladium on carbon

in 50 ml of ethy! acetate was shaken under 4 atrospheres of Hz for 4 h. The resulting mixture was filtered

10 through Celite and concenirated in vacuo to provide 72 mg (86%) of the desired compound as a 1:1
mixiure of diastereomers. Mass spectrum: (M + H)' = 401.

Example 142
15
A N-(3-pPhenylpropionyljvaline Benzyl Ester.
20
Using the procedure of Example 137A but replacing 4-methylpiperazinesulfamoyl chloride with
dihydrocinnamoyl chioride gave the desired compound.
25 B. N-(3-Phenylpropionyljvaline.
The resultant compound of Example 142A was hydrogenolyzed according to the procedure of Example
71C to provide the desired compound.
30 :
C. 2-(-Butyloxycarbonylamino)-4-(N-((3-phenylpropionyljvalinyljamino}-1,5-diphenyl-3-hydroxypentane.
35 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
142B was coupled to the resultant compound of Example 11 to give the desired compound.
Example 143
40
N.N-Di-(2-phenylethyl)}-O-(methoxymethylhydroxylamine.
45
Using the procedure of Example 51 but replacing 1,5-diphenyl-3-pentanol with the resultant compound
of Example 308 gave the desired compound.
50 Example 144

A. N-{{Benzylaminc)carbonyljvaline Methy! Ester.

Using the procedure of Example 83A but replacing leucine methy! ester hydrochloride with valine
methyl esier hydrochioride and replacing thiomorpholine with benzylamine provided the desired compound.
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?_. N-((Benzylaminojcarbonyl)valine.

The resultant compound of Example 144A was hydrolyzed according to the procedure of Example 6E
5 to provide the desired compound. .

E:_; 2-(i-(Butyloxycarbonylamino)-4-(N-{{{benzylamino)carbonyl)valinyljamino}-1,5-diphenyl-3-hydroxypentane.

10 .
According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
144B was coupled to the resultant compound of Example 11 to give the desired compound.
15 Example 145
ﬁ; N-(3-Phenylpropyljvaline Benzy! Ester.
20

A mixture of dihydrocinnamaldehyde (7 mmol), valine benzyl ester dihydroch\oridek? mmol), anhydrous
sodium acetate (0.7 g, 21 mmol), and sodium cyanoborohydride (11 mmol) in 200 mL of isopropy! alcohol
was stirred at ambient temperature. After 16 h, an additional 0.2 g portion of sodium cyanoborohydride was

25 added and stirring was continued for 4.5 h. After removal of the solvent in vacuo, the residue was taken up
in ethyl acetate, washed sequentially with saturated aqueous NaHCOs; and saturated brine, dried over
MgSO0., and concentrated. Silica gel chromatography gave the desired compound.

30 B. N-(3-Phenylpropyl)valine.

The resultant compound of Example 145A was hydrogenolyzed according to the procedure of Example
71C to provide the desired compound.

35
C. 2-(t-Butyloxycarbonylamino)-4-(N-({3-phenylpropyljvalinyl)amino)-1,5-diphenyl-3-hydroxypentane.
40 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example
145B was coupled to the resultant compound of Example 11 to give the desired compound.
Example 146
45
2 4-Bis-{Cbz-valinyl-amino)-1,5-diphenyl-3-((methoxyjmethoxy jpentane.
50

A solution of 22 mg of the resultant compound of Example 70 in 1 mi of dichloromethane was treated
with 0.07 mi of ethyidiisopropylamine and 0.03 ml of chloromethy! methyl ether. The resulting soiution was
heated at reflux for 1 h. The cooled solution was concentrated in vacuo to give 26 mg of & crude solid
which was recrysiallized from ethy! acetate/chloroform to provide 15 mg of the desired compound (R, 0.8,

55 10% methanol in chloroform) as a white solid, m.p. 197-188° C. Mass specirum: (M + H}é = 781.
Anal. Caied for CacHseNaOs * 1.5H:0: C, 88.89; H, 7.38; N, 5.93. Found: 66.96; H, 676, N, 6.77.
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Example 147

5 2,2-Di~(2-phenylethyl)-1,3-dioxolane.

A solution of 135 mg (0.6 mmol) of 1,5-diphenyl-3-pentanone, 0.2 mi of ethylene glycol, and 10 mg of
p-toluene sulfonic acid monohydrate was refluxed with azeotropic removal of water. After separation of
70 water was completed, the solution was diluted with ethyl acetate, washed sequentially with agueous NaHCO
and water, dried over Na,S0:, and concentrated to provide the desired compound. 'H NMR (CDCliz) 5 2.0

{m, 4 H), 2.71 (m, 4 H), 4.03 (s, 4 H), 7.15-7.3 {m, 10 H). Mass spectrum: (M + H)' = 283.

15 Example 148

2-(Acetylamino)-4-(t-butyloxycarbonylamino}-1,5-diphenyl-3-hydroxypentane.

20

A solution of 20 mg of the resultant compound of Example 11 and 0.05 ml of triethylamine in 1 mi of
dichloromethane was cooled 1o 0° C and treated with 0.01 mi of acetic anhydride. After 30 min, the solution
was partitioned between water and dichloromethane, and the organic phase was dried over Na:SQs and

25 concentrated to give 23 mg {100%) of the desired compound (R; 0.5, 10% methanol in chloroform). Mass

-

spectrum: M+ Hy = 413.

Example 149
30

A. 3-{iert-Butyldimethylisilyloxy)-1,8-diphenyi-4-hydroxyhexane.

35
A solution of 2-phenylethylmagnesium bromide (prepared from 0.4 ml of 2-(bromoethyljbenzene and 80
mg of magnesium) in tetrahydrofuran was cooled to 0 C and treated with a solution of 0.35 g of the
resultant compound of Example 6C in tetrahydrofuran. After being stirred at ambient temperature for 1 h,
the solution was heated at reflux for 4 h, treated with saturated agueous ammonium chioride, extracted with
40 ether, washed with saturated brine, dried over MgS0., and concentrated. Silica gel chromatography using
ethyl acetate/hexane gave the desired compound.

_E_B_._ 3,4-Dihydroxy-1,6-diphenylhexane.

45

A solution of the resultant compound of Example 149A (30 mg, 0.078 mmol} was deprotected according
to the procedure of Example 6G to provide the desired compound as a 3:1 mixiure of diastereomers.
Recrystallization from chloroformiethyl acetate provided the desired compound as & single isomer, m.p.

50 128.5-129° C. 'H NMR (CDClz) 5 1.76 (m, 4 H), 1.82 (d, J = 5 Hz, 2 H), 263 (dt, J = 14,8 Hz, 2 H), 2.85
(ddd, J = 14, 9, 6 Hz, 2 H), 3.82 (m, 2 Hj, 7.15-7.3 {m, 10 H). Mass spectrum: (M + NHe) = 288.

Example 150
55

4,5-Di-{2-phenylethyl)-1.3-dioxolane.
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The resultant compound-of Example 149 was treated with paraformaldehyde and H.S0: in acetic acid
according to the procedure of. Hough, et. al. (J. Chem. Soc., 1952, 1525) to provide the desired compound.

Example 151

10
4,4-Di-(2-phenylethyl)-1,3-dioxolane.

The resultant compound of Example 20 was ireated with paraformaldehyde and H2S0. in acetic acid
15 according to the procedure of Hough, et. al. (J. Chem. Soc,, 1852, 1525) to provide the desired compound.

Example 1§g

|
20
3,3-Dimethoxy-1,5-diphenyipentane.
25 1,5-Diphenyl-3-pentanone was treated with HCI in anhydrous methanol according to procedure of
Cameron et. al. (J. Chem. Soc, 1953, 3864) to provide the desired compound.
Example 153
30
2-(t—ButonxycarbonyiaminO)-4-((( 8,6~-di-Me)- g-Ala)leucinyl-amino)-1,5-diphenyl-3-hydroxypentane.
35
The resultant compound of Example 78D was hydrogenolyzed according to the procedure of Example
71C to provide the desired compound.
40 Example 1§4_t
2 ,4-Bis-(Cbz-leucinyl-asparaginyl-amino)-1,5-diphenyl-3-hydroxypentane.
45

Using the procdure of Example 12 with the resultant compound of Example 65 gave a crude amine
hydrochloride which was coupled to Cbz-Leu-Asn-OH according to the procedure of Example 55 to give,
after silica gel chromatography using methanol/ chioroform, the desired compound (R, 0.7, 10% methanol in

s0 chioroform) as a white solid, m.p. 250-251. Mass spectrum (M+ H}‘ = 883,

Example 155
55

A. Bis-{{2-t-butyloxycarbonylamino-3-phenyipropylsulfide.
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A solution of 2.30 g (7.0 mmol) of 2-{t-butyloxycarbonylamino}-3-phenyipropy! methanesulfonate (Tetr-
ahedron Lett. 1986, 27, 2085) and 0.84 g (3.5 mmol) of sodium sulfide nonahydrate in 75 mi of 2:1
tetrahydrofuran/methanol was heated at reflux for 2.5 h. The cooled solution was concentrated in vacuo,
partitioned between ethyl acetate and water, washed with saturated brine, dried over MgSO., and
concentrated. Silica gel chromatography using 20% ethyl acetate in hexane provided 0.42 g (24%) of the
desired compound. Mass spectrum: (M+H)‘ = 501.

_@: Bis-{(2--butyloxycarbonylamino)-3-phenylpropyl)sulfone.

A solution of the resultant compound of Example 1554 (404 mg, 0.81 mmol) in 10 mi of dich-
joromethane was treated with 0.40 g of 80% m-chioroperbenzoic acid. After being stired for 16 h at
ambient temperature, the solution was diluted with dichloromethane, washed seguentially with 10%
Na»S,03/3N NaOH and water, dried over MgS0a, and concentrated to give 0.36 g (84%) of the desired
compound (By 0.25, 15% ethyl acetate in chioroform) as a white solid, m.p. 227-228" C (dec). Mass
spectrum: (M+H)® = 533,

Anal. Caled. for C2gHagN20s$*0.75H20: C, 81.57; H, 7.66; N, 5.13. Found: C, 61.65; H, 7.33; N, 4.93.

Example 156

A Bis-{{2-benzyloxycarbonyl}-3-phenyipropylisulfide.

Using the procedure of Example 155A but replacing 2-(t-butyloxycarbonylaming)-3-phenyipropy!
methanesulfonate with benzyl a-benzylacrylate provided the desired compound after silica gel chromatog-
raphy.

E_. Bis-({2-benzyloxycarbonyl)-3-phenylpropyljsulfone.

Using the procedure of Example 155B with the resultant compound of Example 156A gave the desired
compound.

Example l§z

Bis-{{2-t-butyloxycarbonylamino}-3-phenyipropyljsulfoxide.

Using the procedure of Example 2 with the resuliant compound of Example 155A provided the desired
compound.

Example 158

Bis~((2‘ber§zyioxycarbonyl}-‘&phenyipmpyl}suﬁaxide

Using the procedure of Example 2 with the resultent compound of Example 156A provided the desired
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compound.

Example 159
5
5_: N,N-Bis-{(2-methoxycarbonyl}-3-phenyipropyl}-O-benzylhydroxylamine.
10
The resultant compound from Example 116A (4 mmol), O-benzylhydroxylamine hydrochloride (2 mmol),
and NaHCO; (2.2 mmol) in dimethylsulfoxide (5 ml) were heated at 130° C for 20 h. The mixture was
diluted with ethyl acetate, washed with water, saturated NaHCOs solution and brine, and then was dried
over Na,;SO0s and evaporated. Silica gel chromatography provided the desired compound.
15
B. N,N-Bis-{{2-methoxycarbony!)-3-phenylipropyl)hydroxylamine.

20 The resultant compound of Example 159A (1 mmol) was treated with 10 ml of 3(?% HBr in acetic acid
and stirred at ambient temperature for 4 h. Afier removal of the solvent in vacuo, the residue was partitioned *
between ethy! acetate and aqueous NaHCOs, dried over Na:SOs, and concentrated. Silica gel chromatog-
raphy provided the desired compound.

25

Example 160
30 A. a-lsocyanato-valine Methyl Ester.

A suspension of L-valine methyl ester hydrochioride (10 g) in toluene (400 mi) was heated to 100°C

and phosgene gas was bubbled into the reaction mixture. After approximaiely 8 h, the mixture became

35 homogeneous. The bubbling of phosgene was continued for 10 more min, then the solution was cooled with

the bubbling of N gas. The solvent was then evaporated and the residue chased with toluene two times.
Evaporation of solvent gave 14.2 g of the crude desired compound.

40 B. N-({4-Pyridinyl)methoxycarbonyl)-valine Methyl Ester.

A solution of 0.73 g (4.65 mmol) of the resultant compound of Example 160A and 0.51 g (4.65 mmol) ot

pyridine-4-methanol in 30 mL of toluene was heated at reflux under Nz atmosphere for 4 h. The solvent was

45 removed in vacuo, and the residue was purified by silica gel chromatography using 2% methanol in

chloroform to give 1.01 g (82%) of the desired compound as an ofl. *H NMR (CDCls) 3 0.91 d,J = 7Hz, 3

H), 099 {d, J = 7 Hz, 3 H), 2.18 (m, 1 H), 3.76 (s, 3 H), 431 (dd, J = 8, 5 Hz, 1 H}, 5.12 (s, 2 H), 5.37 {br
d,1H),7.25(d,J = 6Hz, 2H),880(d,J = 6Hz, 2H}.

50
C. N-({4-Pyridinylymethoxycarbonyl)-valine Lithium Salt.

A solution of 50.8 mg (0.191 mmol) of the resultant compound of Example 160B in 0.7 ml of dioxane
55  was treated with 0.46 m! (0.23 mmol} of 0.5 M aquecus lithium hydroxide. The resulting sclution was stirred
overnight at ambient temperature and concentrated in vacuo 10 provide the desired compound.

ey
-k,
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D. 2-(N-((4-Pyridinylymethoxycarbonyl)-valinyl-amino)-4-(Cbz-valinyl-amino)-1,5-diphenyl-3-hydroxypentane.

A solution of the resultant compound of Example 160C (0.191 mmol), 94 mg (0.97 mmol) of the
resultant compound of Example 69, and 31 mg (0.23 mmol} of 1-hydroxybenzotriazole in 2 mi of
dimethylformamide was freated under N; atmosphere with 44 mg (0.23 mmol) of N-ethyl»Nl-
{dimethylaminopropyl) carbodiimide hydrochioride and stirred overnight at ambient temperature. The
resuiting solution was taken up in ethyl acetate, washed sequentially with aqueous NaHCOs;, H20, and
saturated brine, dried over Na:SO., and concentrated in vacuo. Chromatography on sifica gel using 3%
methanol in chioroform provided 118 mg (87%) of the desired compound (R; 0.19, 5% methanol in
chloroform) as a white solid, m.p. 170-172°C {dec). Mass spectrum: (M + 1)' = 738.

Anal. Galed for Ce2Hs1NsO7 *0.5H20: C, 67.54; H, 7.02; N, 8.38. Found: C, 67.53; H, 7.00: N, 9.39.

Exampie 161

A. N-({3-Pyridinyl)methoxycarbonyl)-valine Methyl Ester.

Using the procedure of Example 160B but replacing pyridine-4-methanol with pyridine-3-methanol
provided the desired compound as an oil after silica ge! chromatography using 2% methanol in chloroform.
H NMR (CDCl3) 5 0.90 {d, J = 7 Hz, 3 H), 098 (d, J = 7 Hz, 3 H), 2.16 (m, 1 H), 3.65 (s, 3 H), 4.30 (dd, J
= 9,5Hz 1H),514 (5,2 H),530 (brd, 1 H),7.30 (dd,J = 8,5 Hz, T H), 7.70 (br d, J = 8 Hz, 1 H), 8.58
(dd.Jd = 4,1 Hz, 1 H), 863 (brs, 1 H).

_B_; N-{(38-Pyridinylymethoxycarbonyi}-valine Lithium Salt.

Using the procedure of Example 160C with the resultant compound of Example 161A provided the
desired compound.

C. 2-(N-((3-Pyridinyhmethoxycarbonyl)-valinyl-amino}-4-(Cbz-valinyl-amino)-1,5-dipheny-3-hydroxypentane.

Using the procedure of Example 160D but replacing the resultant compound of Example 160G with the
resultant compound of Example 161B provided, after silica gel chromatography using 3% methanol in
chioroform, 113 mg (94%) of the desired compound {R¢ 0.21, 5% methanol in chloroform) as a white solid,
m.p. 177-178" C. Mass spectrum: (M + 1) = 738,

Anal. Caled for CazHs1NsO7 *0.5H,0: C, 67.54; H, 7.02; N, 9.38. Found: C, 67.35; H, 6.90: N. 9.35.

Example 1_§§

A N~({2-Pyridinyl)methoxycarbonyl}-valine Methy! Ester.

Using the procedure of Example 160B bul replacing pyridine-4-methano! with pyridine-2-methano!
provided 0.72 g (64%) of the desired compound as an oil after silica gel chromalography using 2%
methanol in chioroform. '"H NMRB (CDCI:3 6081 (d, J = 7 Hz, 3H}, 098 (d, J = 7 Hz, 3 H), 2.18 (m, 1 H),
375(s,3H),432(dd, J = 8, 5 Hz, 1 H}, 524 (5,2 H), 538 {brd, 1 H), 723 (ddd, J = B, 4,1 Hz, 1 HJ,
7371d,J=8Hz TH,770(d, J = 8 2Hz, 1 H),860 (brd, 1 H}.
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